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Test Method 321 - Measurement of Gaseous
Hydrogen Chloride Emissions At Portland Cement Kilns by
Fourier Transform Infrared (FTIR) Spectroscopy
1.0 Introduction
Thi s nethod shoul d be perfornmed by those persons
famliar wth the operation of Fourier TransformInfrared
(FTIR) instrumentation in the application to source
sanpling. This docunent describes the sanpling procedures
for use in the application of FTIR spectronetry for the
determ nati on of vapor phase hydrogen chloride (HCO)
concentrations both before and after particulate matter
control devices installed at portland cenent kilns. A
procedure for analyte spiking is included for quality
assurance. This nmethod is considered to be self validating
provided that the requirenents listed in section 9 of this
met hod are followed. The analytical procedures for
interpreting infrared spectra fromem ssion nmeasurenents are
described in the "Protocol For The Use of Extractive Fourier
TransformlInfrared (FTIR) Spectronetry in Anal yses of
Gaseous Emi ssions From Stationary Industrial Sources",
i ncl uded as an addendumto proposed Method 320 of this
appendi x (hereafter referred to as the "FTIR Protocol)".
Ref erences 1 and 2 describe the use of FTIR spectronetry in

field measurenents. Sanple transport presents the principal
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difficulty in directly neasuring HCO em ssions. This
i dentical problemnust be overconme by any extractive
measurenent nmethod. HC is reactive and water soluble. The
sanpling system nust be adequately designed to prevent
sanpl e condensation in the system
1.1 Scope and Application

This nethod is specifically designed for the
application of FTIR Spectronetry in extractive neasurenents
of gaseous HCO concentrations in portland cement kiln
em ssi ons.
1.2 Applicability. This nmethod applies to the measurenent
of HO [CAS No. 7647-01-0]. This nethod can be applied to
the determ nation of HO concentrations both before and
after particulate matter control devices installed at
portland cenment manufacturing facilities. This method
applies to either continuous flow through nmeasurenent (wth
i sol ated sanpl e anal ysis) or grab sanpling (batch anal ysis).
HC is neasured using the md-infrared spectral region for
anal ysi s (about 400 to 4000 cm?! or 25 to 2.5 un). Table 1
lists the suggested anal ytical region for quantification of
HC taking the interference fromwater vapor into

consi der ati on.



TABLE 1. EXAMPLE ANALYTI CAL REG ON FOR HA .

Compound Analytical Region Potential
(cm-Y) Interferants
hydrogen 2679- 2840 wat er
chloride

1.3 Method Range and Sensitivity.

1.3.1 The analytical range is determ ned by the

i nstrunmental design and the conposition of the gas stream
For practical purposes there is no upper limt to the range
because the pathlength may be reduced or the sanple nay be
diluted. The |ower detection range depends on (1) the
absorption coefficient of the conpound in the analytical
frequency region, (2) the spectral resolution, (3) the
interferoneter sanpling tinme, (4) the detector sensitivity
and response, and (5) the absorption pathl ength.

1.3.2 The practical |ower quantification range is usually
hi gher than the instrument sensitivity allows and is
dependent upon (1) the presence of interfering species in

t he exhaust gas including HO CO, and SO, (2) analyte

| osses in the sanpling system (3) the optical alignnent of
the gas cell and transfer optics, and (4) the quality of the
reflective surfaces in the cell (cell throughput). Under
typical test conditions (noisture content of up to 30% and

CO, concentrations from1l to 15 percent), a 22 neter path
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length cell with a suitable sanpling system may achi eve a
| oner quantification range of from1l1l to 5 ppmfor HCO .
1.4 Data Quality Qbjectives.
1.4.1 1In designing or configuring the anal ytical system
data quality is determ ned by neasuring of the root nean
square deviation (RVMSD) of the absorbance values within a
chosen spectral (analytical) region. The RMSD provi des an
i ndication of the signal-to-noise ratio (S/N) of the
spectral baseline. Appendix D of the FTIR Protocol (the
addendum to Met hod 320 of this appendi x) presents a
di scussion of the relationship between the RMSD, | ower
detection limt, DL, and analytical uncertainty, AU. It
is inmportant to consider the target anal yte quantification
[imt when performng testing wth FTIR instrunmentation, and
to optimze the systemto achieve the desired detection
limt.
1.4.2 Data quality is determ ned by nmeasuring the root nean
square (RM5) noise level in each analytical spectral region
(appendix C of the FTIR Protocol). The RMS noise is defined
as the root nean square deviation (RVMSD) of the absorbance
values in an analytical region fromthe nean absorbance

value in the sane region. Appendix D of the ETIR Protocol

defines the m ni num anal yte uncertainty (MAU), and how t he
RVBD is used to calculate the MAU. The MAU, is the m ni mum

concentration of the ith analyte in the nth anal ytica
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region for which the analytical uncertainty [imt can be
mai nt ai ned. Table 2 presents exanple val ues of AU and MAU
using the anal ytical region presented in Table 1

TABLE 2.
EXAMPLE PRE- TEST PROTOCCOL CALCULATI ONS FOR HYDROGEN CHLORI DE

HCI
Reference
concentration 11. 2
(ppm-meters)/K
Reference Band 2.881
Area
DL (ppm-meters)/K 0.1117
AU 0.2
CL (DL x AU) 0. 02234
FL (cm™) 2679. 83
FU (cm™) 2840. 93
FC (cm™) 2760. 38
AAl (ppm-meters)/K | 0. 06435
RMSD 2. 28E-

03
MAU (ppm-meters)/K 1. 28E-

01
MAU ppm at 22 0. 2284
meters and 250 °F.

2.0 Summary of Met hod
2.1 Principle.

See Method 320 of this appendix. HO can al so undergo
rotation transitions by absorbing energy in the far-infrared

spectral region. The rotational transitions are superinposed
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on the vibrational fundanental to give a series of |ines
centered at the fundanmental vibrational frequency, 2885
cmt. The frequenci es of absorbance and the pattern of
rotational/vibrational lines are unique to HO. \Wen this
distinct pattern is observed in an infrared spectrum of an
unknown sanple, it unequivocally identifies HOJ as a
conponent of the m xture. The infrared spectrumof HCO is
very distinctive and cannot be confused with the spectrum of
any ot her conpound. See Reference 6.
2.2 Sanpling and Analysis. See Method 320 of this appendi X.
2.3 Operator Requirenments. The anal yst nmust have know edge
of spectral patterns to choose an appropriate absorption
path length or determine if sanple dilution is necessary.
The anal yst should al so understand FTIR i nstrunment operation
wel | enough to choose instrunent settings that are
consistent wth the objectives of the analysis.
3.0 Definitions

See appendi x A of the FTIR Protocol.
4.0 Interferences

This method will not neasure HC under conditions: (1)
where the sanple gas stream can condense in the sanpling
systemor the instrunmentation, or (2) where a high noisture
content sanple relative to the anal yte concentrations
inparts spectral interference due to the water vapor

absor bance bands. For neasuring HC the first (sanpling)
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consideration is nore critical. Spectral interference from
wat er vapor is not a significant problemexcept at very high
noi sture |l evels and | ow HO concentrati ons.
4.1 Analytical Interferences. See Method 320 of this
appendi Xx.
4.1.1 Background Interferences. See Method 320 of this
appendi Xx.
4.1.2 Spectral interferences. Water vapor can present
spectral interference for FTIR gas analysis of HO.
Therefore, the water vapor in the spectra of kiln gas
sanpl es nmust be accounted for. This nmeans preparing at
| east one spectrum of a water vapor sanple where the
noi sture concentration is close to that in the kiln gas.
4.2 Sanpling SystemInterferences. The principal sanpling
systeminterferant for neasuring HC is water vapor. Steps
nmust be taken to ensure that no condensation formnms anywhere
in the probe assenbly, sanple |lines, or analytical
instrunentation. Cold spots anywhere in the sanpling system
nmust be avoided. The extent of sanpling systembias in the
FTIR anal ysis of HC depends on concentrations of potenti al
interferants, noisture content of the gas stream
tenperature of the gas stream tenperature of sanpling
system conponents, sanple flowrate, and reactivity of HC
with other species in the gas stream (e.g., amonia). For

measuring HO in a wet gas streamthe tenperatures of the
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gas stream sanpling conponents, and the sanple flow rate
are of primary inportance. Analyte spiking with HO is
performed to denonstrate the integrity of the sanpling
system for transporting HC vapor in the flue gas to the
FTIR instrunent. See section 9 of this nethod for a
conpl ete description of analyte spiking.
5.0 Safety
5.1 Hydrogen chloride vapor is corrosive and can cause
irritation or severe damage to respiratory system eyes and
skin. Exposure to this conpound shoul d be avoi ded.
5.2 This nmethod may involve sanpling at |ocations having
hi gh positive or negative pressures, or high concentrations
of hazardous or toxic pollutants, and can not address al
safety probl ens encountered under these diverse sanpling
conditions. It is the responsibility of the tester(s) to
ensure proper safety and health practices, and to determ ne
the applicability of regulatory limtations before
performng this test nethod. Leak-check procedures are
outlined in section 8.2 of Method 320 of this appendi x.
6.0 Equi pnent and Supplies

Note: Mention of trade names or specific products does

not constitute endorsenment by the Environnental

Protection Agency.
6.1 FTIR Spectronmeter and Detector. An FTIR Spectroneter

system (interferoneter, transfer optics, gas cell and
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detector) having the capability of nmeasuring HO to the
predeterm ned m ni mum detectable | evel required (see section
4.1.3 of the FTIR Protocol). The system nust al so include
an accurate neans to control and/or neasure the tenperature
of the FTIR gas analysis cell, and a personal conputer with
conpati bl e software that provides real-tinme updates of the
spectral profile during sanple and spectral collection.
6.2 Punp. Capable of evacuating the FTIR cell volune to 1
Torr (133.3 Pascals) within two mnutes (for batch sanple
anal ysi s) .
6.3 Mass Flow Meters/Controllers. To accurately neasure
anal yte spike flow rate, having the appropriate calibrated
range and a stated accuracy of += 2 percent of the absolute
measur enent value. This device nust be calibrated with the
maj or conponent of the calibration/spike gas (e.g.,
nitrogen) using an NI ST traceabl e bubble neter or
equi valent. Single point calibration checks should be
performed daily in the field. Wen spiking HJ, the nass
flow neter/controller should be thoroughly purged before and
after introduction of the gas to prevent corrosion of the
interior parts.
6.4 Pol ytetrafl uoroethane tubing. Di anmeter and | ength
suitable to connect cylinder regul ators.
6.5 Stainless Steel tubing. Type 316 of appropriate |length

and di aneter for heated connecti ons.
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6.6 Gas Regul ators. Purgeable HC regul ator.
6.7 Pressure Gauge. Capable of neasuring pressure fromO
to 1000 Torr (133.3 Pa=1 Torr) within £ 5 percent.
6.8 Sanpling Probe. dass, stainless steel or other
appropriate material of sufficient |ength and physical
integrity to sustain heating, prevent adsorption of analytes
and capabl e of reaching gas sanpling point.
6.9 Sanpling Line. Heated 180 °C (360 °F) and fabricated
of either stainless steel, polytetrafluoroethane or other
material that prevents adsorption of HO and transports
effluent to analytical instrunmentation. The extractive
sanple line nust have the capability to transport sanple gas
to the anal ytical conponents as well as direct heated
calibration spike gas to the calibration assenbly |ocated at
the sanple probe. It is inportant to mnimze the |ength of
heat ed sanple |ine.
6.10 Particulate Filters. A sintered stainless steel
filter rated at 20 mcrons or greater nay be placed at the
inlet of the probe (for renoval of large particulate
matter). A heated filter (Balston® or equivalent) rated at
1 mcron is necessary for primary particulate matter
removal , and shall be placed i mediately after the heated
probe. The filter/filter hol der tenperature should be
mai ntai ned at 180 °C (360 °F).

6.11 Calibration/ Anal yte Spi ke Assenbly. A heated three-
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way val ve assenbly (or equivalent) to introduce surrogate
spi kes into the sanpling systemat the outlet of the probe
before the primary particulate filter.
6.12 Sanple Extraction Punp. A |leak-free heated head punp
( KNF® Neuber ger or equival ent) capable of extracting sanple
ef fluent through entire sanpling systemat a rate which
prevents anal yte | osses and m ni m zes anal yzer response
time. The punp should have a heated by-pass and may be
pl aced either before the FTIR instrunment or after. |If the
sanple punp is |l ocated upstreamof the FTIR instrunment, it
nmust be fabricated frommaterials non-reactive to HO. The
sanpling system and FTI R neasurenent system shall allow the
operator to obtain at |east six sanple spectra during a one-
hour peri od.
6.13 Baroneter. For neasurenent of baronetric pressure.
6.14 Gas Sanple Manifold. A distribution manifold having
the capabilities listed in sections 6.14.1 through 6. 14. 4;
6.14.1 Delivery of calibration gas directly to the
anal ytical instrunentation;
6.14.2 Delivery of calibration gas to the sanple probe
(systemcalibration or analyte spike) via a heated traced
sanpl e |ine;
6.14.3 Delivery of sanple gas (kiln gas, spiked kiln gas,
or systemcalibrations) to the analytical instrunentation;

6.14.4 Delivery (optional) of a humdified nitrogen sanple
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stream
6.15 Flow Measurenent Device. Type S Pitot tube (or
equi val ent) and Magnahel i c® set for neasurenent of
volunetric flow rate.
7.0 Reagents and Standards

HC can be purchased in a standard conpressed gas
cylinder. The nost stable HO cylinder m xture avail abl e
has a concentration certified at +5 percent. Such a
cylinder is suitable for perform ng anal yte spi ki ng because
it will provide reproducible sanples. The stability of the
cylinder can be nonitored over tinme by periodically
performng direct FTIR analysis of cylinder sanples. It is
recomended that a 10-50 ppm cylinder of HC be prepared
having from 2-5 ppm SF6 as a tracer conpound. (See sections
7.1 through 7.3 of Method 320 of this appendix for a
conpl ete description of the use of existing HO reference
spectra. See section 9.1 of Method 320 of this appendi x for
a conpl ete discussion of standard concentration selection.)
8.0 Sample Collection, Preservation and Storage

See al so Method 320 of this appendi x.
8.1 Pretest. A screening test is ideal for obtaining
proper data that can be used for preparing anal ytical
programfiles. Information fromliterature surveys and
source personnel is also acceptable. Information about the

sanpling |l ocation and gas stream conposition is required to
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determ ne the optinmum sanpling system configuration for
measuring HCl. Determ ne the percent noisture of the kiln
gas by Method 4 of appendix A to part 60 of this chapter or
by performng a wet bul b/dry bulb neasurenent. Perform a
prelimnary traverse of the sanple duct or stack and sel ect
the sanpling point(s). Acquire an initial spectrum and
determ ne the optimum operational pathlength of the
i nstrunent.
8.2 Leak-Check. See Method 320 of this appendix, section
8.2 for direction on perform ng | eak-checks.
8.3 Background Spectrum See Method 320 of this appendi X,
section 8.5 for direction in background spectral
acqui sition.
8.4 Pre-Test Calibration Transfer Standard (Direct
I nstrunent Calibration). See Method 320 of this appendi x,
section 8.3 for direction in CTS spectral acquisition.
8.5 Pre-Test System Calibration. See Method 320 of this
appendi x, sections 8.6.1 through 8.6.2 for direction in
perform ng system calibration.
8.6 Sanpling.
8.6.1 Extractive System An extractive system maintai ned
at 180 °C (360 °F) or higher which is capable of directing a
total flow of at least 12 L/mn to the sanple cell is
required (References 1 and 2). Insert the probe into the

duct or stack at a point representing the average vol unetric
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flowrate and 25 percent of the cross sectional area. Co-
| ocate an appropriate flow nonitoring device with the sanple
probe so that the flowrate is recorded at specified tinme
intervals during em ssion testing (e.g., differential
pressure neasurenents taken every 10 m nutes during each
run).
8.6.2 Batch Sanples. Evacuate the absorbance cell to 5
Torr (or less) absolute pressure before taking first sanple.
Fill the cell with kiln gas to anbient pressure and record
the infrared spectrum then evacuate the cell until there is
no further evidence of infrared absorption. Repeat this
procedure, collecting a total of six separate sanple spectra
wi thin a 1-hour peri od.
8.6.3 Continuous Flow Through Sanmpling. Purge the FTIR
cell with kiln gas for a tinme period sufficient to
equilibrate the entire sanpling systemand FTIR gas cell.
The tinme required is a function of the nechanical response
time of the system (determ ned by perform ng the system
calibration with the CTS gas or equivalent), and by the
chem cal reactivity of the target analytes. |If the effluent
target analyte concentration is not variable, observation of
the spectral up-date of the flow ng gas sanple should be
performed until equilibration of the sanple is achieved.
| solate the gas cell fromthe sanple flow by directing the

purge flowto vent. Record the spectrum and pressure of the
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sanple gas. After spectral acquisition, allow the sanple
gas to purge the cell with at |east three volunes of kiln
gas. The tinme required to adequately purge the cell with
the required volune of gas is a function of 1) cell vol une,
2) flowrate through the cell, and 3) cell design. It is
inportant that the gas introduction and vent for the FTIR
cell provides a conplete purge through the cell.
8.6.4 Continuous Sanpling. In sone cases it is possible to
col |l ect spectra continuously while the FTIR cell is purged
with sanple gas. The sanple integration tinme, t., the
sanple flow rate through the gas cell, and the sanple
integration tinme nust be chosen so that the collected data
consi st of at |east 10 spectra with each spectrum being of a
separate cell volume of flue gas. Sanpling in this manner
may only be performed if the native source anal yte
concentrations do not affect the test results.
8.7 Sanpl e Conditioning
8.7.1 High Misture Sanpling. Kiln gas emtted from wet
process cenent kilns may contain 3- to 40 percent noisture.
Zinc sel enide wi ndows or the equival ent should be used when
attenpting to analyze hot/wet kiln gas under these
conditions to prevent dissolution of water sol uble w ndow
materials (e.g., KBr).
8.7.2 Sanple Dilution. The sanple may be diluted using an

in-stack dilution probe, or an external dilution device
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provided that the sanple is not diluted bel ow the
instrunment's quantification range. As an alternative to
using a dilution probe, nitrogen may be dynam cally spiked
into the effluent streamin the sane nmanner as anal yte
spi king. A constant dilution rate shall be naintained
t hroughout the nmeasurenent process. It is critical to
measure and verify the exact dilution ratio when using a
di lution probe or the nitrogen spi ki ng approach.
Calibrating the systemw th a calibration gas containing an
appropriate tracer conpound will allow determ nation of the
dilution ratio for npst neasurenent systens. The tester
shal | specify the procedures used to determne the dilution
ratio, and include these calibration results in the report.
8.8 Sanpling QA, Data Storage and Reporting. See the FTIR
Protocol. Sanple integration tinmes shall be sufficient to
achieve the required signal-to-noise ratio, and all sanple
spectra shoul d have unique file nanes. Two copies of sanple
interferograns and processed spectra will be stored on
separate conputer nedia. For each sanple spectrumthe
anal yst nust docunent the sanpling conditions, the sanpling
time (while the cell was being filled), the tine the
spectrum was recorded, the instrunmental conditions (path
| ength, tenperature, pressure, resolution, integration
time), and the spectral file name. A hard copy of these

data nust be mamintained until the test results are accepted.
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8.9 Signal Transmttance. Monitor the signal transmttance
t hrough the instrunmental system |If signal transmttance
(relative to the background) drops bel ow 95 percent in any
spectral region where the sanple does not absorb infrared
energy, then a new background spectrum nust be obt ai ned.
8.10 Post-test CIS. After the sanpling run conpletion,
record the CTS spectrum Analysis of the spectral band area
used for quantification frompre- and post-test CTS spectra
shoul d agree to within =5 percent or corrective action nust
be taken.
8.11 Post-test QA. The sanple spectra shall be inspected
i medi ately after the run to verify that the gas matrix
conposition was close to the assunmed gas matrix, (this is
necessary to account for the concentrations of the
interferants for use in the anal ytical analysis prograns),
and to confirmthat the sanpling and instrunental paraneters
were appropriate for the conditions encountered.
9.0 Quality Control

Use anal yte spiking to verify the effectiveness of the
sanpling systemfor the target conpounds in the actual kiln
gas matrix. QA spiking shall be perfornmed before and after
each sanple run. QA spiking shall be perfornmed after the
pre- and post-test CIS direct and systemcalibrations. The
system bi ases cal culated fromthe pre- and post-test dynamc

anal yte spi king shall be within +30 percent for the spiked
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surrogate anal ytes for the neasurenents to be considered
valid. See sections 9.3.1 through 9.3.2 for the requisite
cal cul ations. Measurenent of the undiluted spike (direct-
to-cell neasurenent) involves sending dry, spike gas to the
FTIR cell, filling the cell to 1 atnosphere and obtai ni ng
the spectrumof this sanple. The direct-to-cell measurenent
shoul d be perforned before each anal yte spi ke so that the
recovery of the dynamcally spi ked anal ytes may be
calcul ated. Analyte spiking is only effective for assessing
the integrity of the sanpling system when the concentration
of HO in the source does not vary substantially. Any
attenpt to quantify an analyte recovery in a variable
concentration matrix will result in errors in the expected
concentration of the spiked sanple. |If the kiln gas target
anal yte concentrations vary by nore than =5 percent (or 5
ppm whichever is greater) in the tine required to acquire a
sanpl e spectrum it may be necessary to: 1) use a dual
sanpl e probe approach, 2) use two independent FTIR
measur enent systens, 3) use alternate QA QC procedures, or
4) postpone testing until stable em ssion concentrations are
achieved. (See section 9.2.3 of this nethod). It is
recommended that a |aboratory eval uation be perfornmed before
attenpting to enploy this nmethod under actual field
conditions. The |aboratory evaluation shall include

1) performance of all applicable calculations in section 4
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of the FTIR Protocol; 2) sinulated anal yte spiking
experinments in dry (anbient) and humdified sanple matrices
using HCO ; and 3) performance of bias (recovery)
cal cul ations from anal yte spi king experinments. It is not
necessary to performa | aboratory eval uation before every
field test. The purpose of the |aboratory study is to
denonstrate that the actual instrunent and sanpling system
configuration used in field testing neets the requirenents
set forth in this nethod.
9.1 Spike Materials. Performanalyte spiking with an HCG
standard to denonstrate the integrity of the sanpling
system
9.1.1 An HO standard of approximately 50 ppmin a bal ance
of ultra pure nitrogen is recoormended. The SF; (tracer)
concentration shall be 2 to 5 ppm dependi ng upon the
measur enent pathl ength. The spike ratio (spike flowtota
flow) shall be no greater than 1:10, and an ideal spike
concentration should approxi mate the native effl uent
concentration.
9.1.2 The ideal spike concentration may not be achieved
because the target concentration cannot be accurately
predicted prior to the field test, and limted calibration
standards will be available during testing. Therefore,
practical constraints nust be applied that allow the tester

to spi ke at an anticipated concentration. For these tests,
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t he anal yte concentration contributed by the HO standard
spi ke should be 1 to 5 ppmor should nore closely
approxi mate the native concentration if it is greater.
9.2 Spi ke Procedure
9.2.1 A spiking/sanpling apparatus is shown in Figure 2.
I ntroduce the spike/tracer gas m xture at a constant flow (%
2 percent) rate at approximtely 10 percent of the total
sanple flow. (For exanple, introduce the surrogate spike at
1 L/mn+£ 20 cc/mn, into a total sanple flow rate of 10
L/'mn). The spike nmust be pre-heated before introduction
into the sanple matrix to prevent a |ocalized condensation
of the gas stream at the spi ke introduction point. A heated
sanple transport line(s) containing nultiple transport tubes
within the heated bundle may be used to spi ke gas up through
the sanpling systemto the spike introduction point. Use a
calibrated flow device (e.g., mass flow neter/controller),
to monitor the spike flow as indicated by a calibrated flow
meter or controller, or alternately, the SF; tracer ratio
may be cal cul ated fromthe direct neasurenent and the
di luted neasurenent. It is often desirable to use the
tracer approach in calculating the spike/total flowratio
because of the difficulty in accurately neasuring hot/wet
total flow The tracer techni que has been successfully used
in past validation efforts (Reference 1).

9.2.2 Performa direct-to-cell neasurenent of the dry,
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undi l uted spi ke gas. Introduce the spike directly to the
FTIR cell, bypassing the sanpling system Fill cell to 1
at nosphere and coll ect the spectrumof this sanple. Ensure
that the spi ke gas has equilibrated to the tenperature of
t he neasurenent cell before acquisition of the spectra.
| nspect the spectrumand verify that the gas is dry and
contains negligible CO. Repeat the process to obtain a
second direct-to-cell nmeasurement. Analysis of spectra
band areas for HO fromthese duplicate neasurenents should
agree to wwthin £ 5 percent of the nean.
9.2.3 Analyte Spiking. Determ ne whether the kiln gas
contains native concentrations of HO by exam nation of
prelimnary spectra. Determ ne whether the concentration
varies significantly with tinme by observing a continuously
up-dated spectrum of sanple gas in the flowthrough sanpling
node. |If the concentration varies by nore than £ 5 percent
during the period of tine required to acquire a spectra,
then an alternate approach should be used. One alternate
approach uses two sanpling lines to convey sanple to the gas
distribution manifold. One of the sanple lines is used to
continuously extract unspiked kiln gas fromthe source. The
ot her sanple line serves as the analyte spike line. One
FTIR system can be used in this arrangenent. Spi ked or
unspi ked sanple gas may be directed to the FTIR system from

the gas distribution manifold, wth the need to purge only
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t he conponents between the mani fold and the FTIR system
Thi s approach mnimzes the tine required to acquire an
equi | i brated sanpl e of spiked or unspiked kiln gas. If the
source varies by nore than + 5 percent (or 5 ppm whichever
is greater) inthe tine it takes to switch fromthe unspiked
sanple line to the spi ked sanple line, then anal yte spiking
may not be a feasible neans to determ ne the effectiveness
of the sanpling systemfor the HOJ in the sanple matrix. A
second alternative is to use two conpletely independent FTIR
measur enent systens. One system woul d nmeasure unspi ked
sanpl es while the other system woul d neasure the spi ked
sanples. As a last option, (where no other alternatives can
be used) a humdified nitrogen stream may be generated in
the field which approxi mates the noi sture content of the
kiln gas. Analyte spiking into this humdified stream can
be enpl oyed to assure that the sanpling systemis adequate
for transporting the HO to the FTIR i nstrunentati on.
9.2.3.1 Adjust the spike flowrate to approxinmately 10
percent of the total flow by netering spi ke gas through a
calibrated mass flowreter or controller. Allow spike flow
to equilibrate within the sanpling system before anal yzi ng
the first spiked kiln gas sanples. A mninmm of two
consecutive spikes are required. Analysis of the spectral
band area used for quantification should agree to wwthin £ 5

percent or corrective action nust be taken.
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9.2.3.2 After QA spiking is conpleted, the sanpling system
conponents shall be purged with nitrogen or dry air to
elimnate traces of the HCO conpound fromthe sanpling
system conponents. Acquire a sanple spectra of the nitrogen
purge to verify the absence of the calibration m xture.
9.2.3.3 Analyte spiking procedures nust be carefully
executed to ensure that neani ngful neasurenents are
achieved. The requirenents of sections 9.2.3.3.1 through
9.2.3.3.4 shall be net.
9.2.3.3.1 The spike nust be in the vapor phase, dry, and
heated to (or above) the kiln gas tenperature before it is
introduced to the kiln gas stream
9.2.3.3.2 The spike flow rate nmust be constant and
accurately neasured.
9.2.3.3.3 The total flow nust al so be neasured conti nuously
and reliably or the dilution ratio nust otherw se be
verified before and after a run by introducing a spike of a
non-reactive, stable conpound (i.e., tracer).
9.2.3.3.4 The tracer nust be inert to the sanpling system
conponents, not contained in the effluent gas, and readily
detected by the analytical instrunentation. Sulfur
hexaf |l uori de (SF;) has been used successfully (References 1
and 2) for this purpose.
9.3 Calculations

9.3.1 Recovery. Calculate the percent recovery of the
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spi ked anal ytes using equations 1 and 2.

S -S (1-DF
%R = 100 X _ﬂL_Jé_____Z (1)
DF x C,
C, - DF x C, + S,(1-DF) (2)

S, = Mean concentration of the anal yte spiked effl uent
sanpl es (observed).

C. = Expected concentration of the spiked sanples
(theoretical).

D = dilution Factor (Total flow Spike flow).

total flow = spike flow plus effluent flow

G

S, = native concentration of analytes in unspiked

cylinder concentration of spike gas.

sanpl es.
The spike dilution factor may be confirnmed by neasuring the
total flow and the spike flow directly. Alternately, the
spi ke dilution can be verified by conparing the
concentration of the tracer conpound in the spiked sanpl es
(diluted) to the tracer concentration in the direct

(undi | ut ed) neasurenent of the spike gas.
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If SFs is the tracer gas, then

D = [SFd:miM3/ [ SFe] girect (3)

[ SFe] spike = the diluted SF, concentration neasured in a

spi ked sanpl e.

[ SFs] 4irect = the SFg concentration neasured directly.
9.3.2 Bias. The bias may be determ ned by the difference
bet ween the observed spi ke val ue and the expected response
(i.e., the equivalent concentration of the spiked materi al
pl us the anal yte concentration adjusted for spike dilution).
Bias is defined by section 6.3.1 of EPA Method 301 of this
appendi x (Reference 8) as,

B=Sn- G (4)
wher e:

B = Bias at spike |evel.

S, = Mean concentration of the anal yte spi ked sanpl es.

C. = Expected concentration of the analyte in spiked

sanpl es.

Acceptabl e recoveries for analyte spiking are + 30 percent.
Application of correction factors to the data based upon

bi as and recovery calculations is subject to the approval of
t he Adm nistrator.

10.0 Calibration and Standardi zation

10.1 Calibration transfer standards (CTS). The EPA

Traceability Protocol gases or N ST traceabl e standards,
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with a mninmum accuracy of = 2 percent shall be used. For
ot her requirenents of the CTS, see the FTIR Protocol
section 4.5.
10.2 Signal -to-Noise Ratio (S/N). The S/ N shall be |ess
t han the m ni mum accept abl e neasurenent uncertainty in the
anal ytical regions to be used for neasuring HCO.
10. 3 Absorbance Pathlength. Verify the absorbance path
| ength by conparing CTS spectra to reference spectra of the
calibration gas(es).
10.4 Instrunment Resolution. Measure the line wdth of
appropriate CTS band(s) to verify instrunental resolution.
10.5 Apodi zation Function. Choose the appropriate
apodi zation function. Determ ne any appropriate
mat hemati cal transformations that are required to correct
instrunmental errors by neasuring the CIS. Any mat hematica
transformati ons nmust be docunented and reproduci bl e.
Ref erence 9 provides additional information about FTIR
i nstrunent ati on.
11.0 Analytical Procedure

A full description of the analytical procedures is given
in sections 4.6 - 4.11, sections 5, 6, and 7, and the
appendi ces of the FTIR Protocol. Additional description of
gquantitative spectral analysis is provided in References 10
and 11.

12.0 Data Analysis and Cal cul ati ons
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Data analysis is performed using appropriate reference
spectra whose concentrations can be verified using CTS
spectra. Various analytical prograns (References 10 and 11)
are available to relate sanpl e absorbance to a concentration
standard. Cal cul ated concentrations should be verified by
anal yzi ng spectral baselines after mathematically
subtracting scal ed reference spectra fromthe sanple
spectra. A full description of the data anal ysis and
cal cul ations may be found in the FTIR Protocol (sections
4.0, 5.0, 6.0 and appendices).
12.1 Calculated concentrations in sanple spectra are
corrected for differences in absorption pathlength between

the reference and sanpl e spectra by

Coorr = (L/ L) x (T T) x (Garc) (5)

wher e:
Ceorr

Cac = The initial calculated concentration (output of

The pathl ength corrected concentration.

the mul ti conponent anal ysis program desi gned for the
conpound) .

L, = The pathl ength associated wth the reference
spectra.

L, = The pathlength associated wth the sanpl e spectra.

T, The absolute tenperature (K) of the sanple gas.
T

; The absolute tenperature (K) at which reference.
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spectra were recorded.
12.2 The tenperature correction in equation 5is a
volunetric correction. It does not account for tenperature
dependence of rotational-vibrational relative |ine
intensities. \Wenever possible, the reference spectra used
in the analysis should be collected at a tenperature near
the tenperature of the FTIR cell used in the test to
mnimze the calculated error in the neasurenent (FTIR
Protocol, appendix D). Additionally, the analytical region
chosen for the analysis should be sufficiently broad to
mnimze errors caused by small differences in relative line
intensities between reference spectra and the sanple
spectr a.
13. 0 Met hod Performance

A description of the nethod performance may be found in
the FTIR Protocol. This nmethod is self validating provided
the results neet the performance specification of the QA
spi ke in sections 9.0 through 9.3 of this nethod.
14.0 Pollution Prevention

This is a gas phase neasurenent. Gas is extracted from
t he source, analyzed by the instrunmentation, and di scharged
t hrough the instrunment vent.
15.0 Waste Managenent

Gas standards of HC are handl ed according to the

instructions enclosed with the material safety data sheet.
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Figure 1. FTIR Spectra of HO and Water.
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